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Abstract: Anaerobic threshold and respiratory compensation are used to determine the intensity
of aerobic exercise. This study aims to compare heart rate values relative to the percentages of
50%, 60%, 70%, and 80%, a comparison calculated through the reserve heart rate (HRR) and reserve
oxygen consumption (VO2R) equations corresponding to the oxygen consumption obtained by the
direct method. The sample was composed of 11 men and 10 women: mean age, 21.4 ± 2.8 years.
Volunteers performed a maximal treadmill test in which oxygen uptake was measured using the
VO2000® metabolic analyzer. The mean body fat percentage was 15.68 ± 8.02% corresponding to a
lean body mass of 54.8 ± 13.0 kg and a maximal oxygen uptake (VO2max) of 56.0 ± 8.4 mL/Kg·min−1.
The measured intensities (50%, 60%, 70% and 80% of VO2max) presented significant differences
(p < 0.05) for each reference value. Mean values calculated by the HRR equation demonstrated a
tendency to underestimate the intensities, while the values calculated by the VO2R equation showed
a tendency to overestimate the intensities. As the main conclusion, it is pointed out that both methods
were effective for determining the intensity of aerobic training. However, they presented significant
differences, and the equations should be adjusted to increase precision. Thus, the use of HRR is
recommended for the determination of training intensities.
Keywords: oxygen uptake; heart rate; prescription; aerobic exercise
1. Introduction
Aerobic exercise plays an important role in sports training, health care exercise programs and
cardiac rehabilitation [1–3]. The adaptations induced by aerobic exercise are directly related to
workloads, i.e., the intensity of the training sessions [4–6]. The correct determination of intensity
provides tissue adaptations: increasing the number of mitochondria, as well as hypertrophy in
the mitochondrial crest, resulting in an improved activity in enzymatic tetrahydro-carboxylic
cycle [1,7,8]. Additionally, a better blood perfusion in muscle fibers due to capillary perfusion
has being observed [9,10].
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In recent years, there have been questions about what is the best way to determine the intensities
of aerobic exercise. Prescription should follow the results of the cardiopulmonary exercise test (CPET)
or may use indirect methods (%Maximum Heart Rate—HRmax (max heart rate) or %Reserve Heart
Rate—HRR) [11,12].
Indirect methods are related to the physiological responses that occur during the CPET, in which
ventilatory thresholds I and II are determined. Usually, the two thresholds are at 50% and 80% of
the maximal oxygen uptake (VO2max) [6,11–14]. Due to the logistical and financial difficulties of
performing the CPET, the American College of Sports Medicine (ACSM) [14] established that the
intensities of aerobic exercise should be by means of %VO2max, %HRmax and %reserve heart rate
(HRR) combined with the perceived effort index [11,14–17].
In the late 90s, Swain and Leutholtz proposed a new method to prescribe the intensity of aerobic
exercise through the percentage of reserve oxygen consumption (VO2R) [18]. According to Perk,
De Backer [19], VO2R is recommended primarily for the prescription of the intensities of aerobic
exercise for individuals with low physical fitness. However, as mentioned above, there are doubts
about the accuracy of indirect methods to determine the intensities of aerobic exercise [20].
The divergence identified in the study as the accuracy of indirect methods resulted in the hypothesis
that the %VO2R will overestimate the intensity studied when compared to %HRR, as pointed out in
the study [20]. It is noteworthy that other studies that contradict VO2R have tended to overestimate
the intensities [21].
This controversy indicates that it is necessary for further studies to identify the accuracy of the
methods to determine the intensities of aerobic training. Given the evidence, the present study aims
to compare relative heart rate values with the percentages of 50%, 60%, 70%, and 80% calculated by
the HRR and VO2R equations, using values of heart rate corresponding to the consumption obtained
through direct metabolic gas analysis, as in the reference.
2. Materials and Methods
2.1. Ethical Principles of the Study
This study was approved by the Castelo Branco University’s Ethics Committee, in Rio de Janeiro,
in accordance with Brazilian law number 196/96 and the Declaration of Helsinki. All subjects signed
an informed consent and clarified, after explanation, all doubts about the test.
Subjects and Design
The present study had a descriptive cross-sectional exploratory design conducted to verify the
relationship between different relative methods for determining aerobic training intensities [5,22].
The study included an intentional sample of students from the physical education undergraduate course
of the Catholic University of Brasília—UCB (men = 11 and women = 10; mean age = 21.4± 2.6) who were
invited to participate in the study. To be included in the sample, they could not have cardiopulmonary
or musculoskeletal diseases that compromise the performance of the cardiopulmonary progressive
stress test (CPET). Tests were performed at the Laboratory of Physical Assessment and Training—LAFIT
UBC. The subjects who reached the LAFIT filled out a form (Par-Q), and those who reported no
health problems received information related to the benefits and possible risks involved in making the
CPET and were instructed to perform a clinical examination in the medical doctor’s lab to identify
possible heart problems. For the rest, a resting electrocardiogram was performed, as described in the
protocol below.
Sustainability 2019, 11, 6420 3 of 8
A resting electrocardiogram (ECG) was then conducted by the physician of the laboratory in
order to verify any possible cardiac problems. Individuals remained lying down for five minutes
in dorsal decubitus before the examination. Subsequently, resting blood pressure was measured
using a sphygmomanometer (BECTON DICKINSON®), and the resting ECG was performed using
a MARQUETTE HELLIGE©, Medical Systems device, Cardio Smart model, version 3.0 CS-MI.
Individuals who presented clinical problems were substituted.
2.2. Measures
After the clinical examination, all the selected individuals were submitted to the following tests.
Anthropometry: Body composition was performed in accordance with the following stages:
(a) body mass, measured with a TOLEDO® scale with a precision of 50 g; (b) stature, measured with a
stadiometer from COUNTRY TECNOLOGY INC, Gays Mills, Wl. (model 67034) with a millimeter
scale; and (c) to estimate body composition, the Jackson and Pollockc protocol of three skin folds
for men and women was applied [23]. The calculations were performed using the MICROMED®
GALILEO program, version 3.0.10.100 1999. Effort test: Three different protocols were performed to
determine the maximum oxygen uptake (VO2max) and the maximal heart rate (HRmax). Maximal
effort tests were carried out on a treadmill, model Super ATL (INBRAMED, Porto Alegre, RS, Spain).
A metabolic analysis of gases was performed using the VO2000®, which presented a coefficient of
variation (CV; 14.2%–15.8%) [24]. Before the beginning of the tests, the metabolic gas analyzer was
calibrated with a gas composition of 17% O2 and 5% CO2, with a nitrogen balance approved by the
Centro de Controle Qualidade de Gases Especiais (WHITES MARTINS) according to the specifications
of the manufacturer. The analyzer was connected to the ERGOPC Elite® version 2.0 computerized
system (MICROMED©, Brasília, DF, Spain).
2.3. Procedure
An incremental grade CPET protocol was up to maximal effort (respiratory coefficient ≥ 1.1) as
recommended by the ATS/ERS CPET [25]. Every incremental grade lasted 1 min. The initial speed was
6 km/h with a slope of 0%; gas collection was carried out in 15 s intervals. Speed and incline were
increased every minute by 1 km/h and 0.5%, respectively. The final speed was 16 km/h, and the slope
had a maximum of 6%. This was the standard protocol used in the laboratory [26]. This protocol fits
perfectly with the 8–12 min CPET recommendations in healthy individuals, as suggested by the ATS
guidelines [25].
Calculation of Relative Intensities
The calculation of the relative intensities of the measured VO2max were 50%, 60%, 70% and 80%,
and HR was based on the mean of gas collection relative to a 1 min interval. Subsequent to the CPET,
intensity calculations were performed by means of reserved heart rate performed by the equation
(HRR) proposed by Karvonen, Kentala [27] and the oxygen reserve consumption (VO2R) described
by Swain and Leutholtz [18]. For the percentage of the VO2R calculation, it was inferred that all
individuals suffered from the same oxygen uptake at rest (3.5 mL/kg·min−1). The resting heart rate
(HRr) was measured during the 5 min before starting the CPET while the individual was standing by
means of the ECG.
Equation (HRR) [27]:
HHR = [(HRmax−HRr) ×%] +HRr
Equation (VO2R) [18]:
VO2R = [(VO2max−VO2r) ×%] +VO2r
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2.4. Statistical Analysis
The analysis was performed using “Statistical Package for Social Sciences” (SPSS 22.0) with an
adopted significance level of p < 0.05. The following statistical methods were used to analyze the
variables: (a) central tendency measures, mean and standard deviation (SD); (b) multiple analysis test
corrected by the Bonferroni method and (c) estimation error (EE).
3. Results
The analysis of data distribution was normal (p > 0.05), and outliers were not found for the studied
variables (the anthropometric characteristics of the sample are shown in Table 1). Body composition
was considered normal for men and women. The sample had a below average fat percentage for gender
and age. The low percentage of fat classified the sample subjects as healthy and physically active.
Table 1. General characteristics of the sample of university students (n = 21); data are presented as
mean and standard deviation.
Men Women
Age (years) 22.5 ± 2.1 20.3 ± 3.2
Stature (cm) 176.7 ± 5.6 162.7 ± 6.0
Body Weight (Kg) 73.6 ± 10.1 55.3 ± 4.6
Fat Free Mass (Kg) 65.9 ± 6.3 42.6 ± 4.3
Fat Mass (Kg) 7.2 ± 4.7 12.4 ± 2.3
%Fat 9.4 ± 4.9 22.6 ± 4.0
BMI (Kg/m2) 23.3 ± 2.0 20.7 ± 1.2
The variables obtained during the CPET are described in Table 2. The resting heart rate (HRr)
values, although averaging 77.2 ± 10.7 bpm, were within normal limits (Table 2). This above-normal
response may have been related to the subjects’ nervousness at the pre-test evaluation. The measured
VO2max confirmed the level of physical fitness of the subjects, as both the men and women coincided
with the excellent level of cardiorespiratory fitness. The values obtained for HRmax were 97% of the
estimated HRmax for age, indicating that the test had maximum effort characteristics (Table 2).
Table 2. The results of the cardiopulmonary exercise test of university students (n = 21); data are
presented as mean and standard deviation.
Men Women
Maximal ventilation (L) 170.7 ± 23.0 104.2 ± 13.9
VO2max (mL/kg·min−1) 61.0 ± 8.4 50.6 ± 3.7
HR resting (bpm) 76.0 ± 11.5 82.9 ± 4.7
HRmax (bpm) 193.8 ± 8.6 194.8 ± 6.3
Because the HRR and VO2R equations do not distinguish between sex for the intensities calculation,
it was decided to present the results in general. The values for the calculated intensities showed
significant differences (p < 0.05) in relation to the reference values, confirming the hypothesis of the
study in which VO2R was expected to overestimate the studied intensities. In the specific case of HRR,
it tended to underestimate the intensities. The results for intensities are shown in Table 3. The tendency
of VO2R to overestimate intensities may have been related to the use of resting oxygen consumption
of 3.5 mL/kg·min−1. It can be seen that both intensities calculated by the HRR as the VO2R value
tended to approach the reference values with an increased intensity. A HR relative to 80% of the VO2R
presented the smallest estimation error (Table 3).
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Table 3. Results of comparison between measured and estimated values for different intensities
of aerobic training in a sample of university students (n = 21); data are presented as mean and
standard deviation.
Mean ± Sd EE % or Error
VO2 (mL/kg·min−1) 28.0 ± 2.2 —– —–
HR_VO2_50% 143.0 ± 10.1 2.2 —–
HRR_50% 136.6 ± 5.3 ** 1.2 5.6
HR_VO2R_50% 148.9 ± 11.7 ** 2.6 −5.2
VO2 (mL/kg·min−1) 33.6 ± 5.0 —– —–
HR_VO2_60% 155.4 ± 10.0 2.2 —–
HRR_60% 148.1 ± 5.4 ** 1.2 6.4
HR_VO2R_60% 158.9 ± 11.2 ** 2.4 −3.0
VO2 (mL/kg·min−1) 39.2 ± 5.9 —– —–
HR_VO2_70% 165.8 ± 8.7 1.9 —–
HRR_70% 159.7 ± 5.7 ** 1.3 5.2
HR_VO2R_70% 168.6 ± 9.3 ** 2.0 −2.6
VO2 (mL/kg·min−1) 44.8 ± 6.7 —– —–
HR_VO2_80% 176.5 ± 8.0 1.8 —–
HRR_80% 171.2 ± 6.2 ** 1.4 4.6
HR_VO2R_80% 178.5 ± 9.1 ** 2.0 −1.3
HR_VO2_50% = heart rate relative to oxygen uptake at 50% VO2max intensity; HRR_50% = reserve heart rate for
50% intensity; HR_VO2R_50% = heart rate corresponding to 50% intensity calculated by reserve oxygen uptake;
** = significant statistical difference (p < 0.01).
4. Discussion
The aim of this study was to compare the values of heart rate corresponding to the relative oxygen
uptake in the intensities of 50%, 60%, 70% and 80% of the VO2max calculated by the HRR and VO2R
equations. The hypothesis was accepted, since %VO2R tended to overestimate intensities, while %HRR
tended to underestimate intensities.
The relationship between oxygen consumption and work performed during physical exercise was
described by Radak, Zhao [28], showing a direct association between workloads and physical exercise,
which led to the bases for aerobic exercise intensity determination [14,29,30]. Nevertheless, one of the
biggest problems of training prescription is the determination of the training loads while respecting
biological individuality in order not to overload the physiological capacities of each individual. In this
sense, the literature has been increasingly focused on the interaction between different regulating
systems of the human body [29,31].
The results of the current study show that intensities determined by the VO2R overestimate
workloads. This contradicts the recommendations of Swain and Leutholtz [18] and Solheim, Keller [20],
who highlighted the importance of this procedure for sedentary individuals. According to Miller,
O’Connor [32] and the ACSM [14], training at high intensities tends to reduce adhesion to the
exercise program.
On this basis, a study examined the relationship between the percentages of the VO2max, the VO2R,
and HRR in cardiac patients [33]. Brawner, Keteyian [33] showed that VO2R presented a tendency to
overestimate the exercise intensities, and the authors recommended the use of HRR to determine the
intensities. In the study of Azevedo, Perlingeiro [6], men with high cardiorespiratory fitness performed
exercise intensity based on %HRmax and %HRR in relation to ventilatory thresholds, which were
78%–93% and 70%–93%, respectively. The authors mentioned that there was no influence of age,
although the absolute heart rate at ventilatory thresholds decreased with advancing age. The result
described by Azevedo et al. corroborated the idea that the HRR can be a reliable method to estimate
the intensity of aerobic exercise [33].
The ACSM now recommends VO2R in the prescription of aerobic training intensities on the basis
of the results highlighted by Swain and Leutholtz (1997) [14]. In their study, Swain and Leutholtz
described that the relationship between the percentages of the VO2max and the percentages of HRR is
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weak, which is questionable. However, Solheim, Keller [20] obtained a correlation of 0.31 between
%VO2R and %HRR for 50% of the VO2max intensity. A lack of other studies that demonstrate a better
linearity between the percentages of VO2R and the reference values makes this recommendation a
target that requires further academic research [13].
Alternatively to the percentages calculated for HRR, there have been several studies that point
to an association with percentages of the VO2max [20,34–36]. It could be observed that the relative
heart rate associated with oxygen consumption estimated by the VO2R equation overestimated the
intensities by around −3.12 ± 1.28%, while the relative heart rate of the intensities calculated by HRR
demonstrated a tendency to underestimate the intensities by around 5.45 ± 0.63%. These results
corroborate those presented by Kenney, Wilmore [36], demonstrating that the values estimated by
HRR have a tendency to underestimate the percentages of the VO2max. Though previous studies
have highlighted a linear relationship between these percentages, this tendency can be explained
by the possible use of the equation “220—age” for the calculation of the chronotropic reserve [34].
The literature has shown that the equation “220—age” presents a tendency to overestimate the values
of HRmax, which leads to a better relationship between the percentages [34].
The tendency of HRR to underestimate the intensity was also described in the study by
Solheim et al. [20]. However, the presented result may have been influenced by the measurement of
the resting HR. Solheim et al. [20] mentioned that the volunteers remained lying down for 10 min,
and this position favors a venous return, generating a lower HR. This would not be considered
a normal physiological response, since heart rate rises less than oxygen consumption [20]. HR is
directly related to catecholamine responses, which also induces alterations in respiratory rate and
peripheral vasodilation [20]. In addition, an increase in HR is related to the mechanism of the removal
of metabolic waste.
Though the training intensity could be determined by the percentages of the VO2max or by VO2R,
professionals can also control the level of effort using the speed on a treadmill or ergometric bicycle,
as the bike pedal revolutions per minute are used in the control of intensity [21]. Though any of the
above-mentioned control methods could be observed or obtained during the effort test [14], the values
of heart rate that indicate the training zones have also been observed on ergometers used in gyms
(treadmills and bicycles) or on panels [37]. These values (zones) are based on the linearity between
the percentages of the VO2max and the percentages of HRmax, estimated by the equation 220—age;
this is extremely practical, since the measure of heart rate is the most common method in the control
of intensity of activities proposed in gyms. The limitations of this study are the small number of
studies that have sought to assess the association between the percentage of VO2max and the estimated
intensities of VO2R for the prescription of aerobic exercise. Determining resting oxygen consumption
is another limiting factor, as this study assumed that all individuals had the same resting oxygen
consumption, i.e., 3.5 mL/kg·min−1 [13]. Another important point is the sample size and age limit,
reducing the possibility of result extrapolation to other age groups.
5. Conclusions
The main conclusions are that the values of 50%, 60%, 70% and 80% of the VO2max estimated
by the two indirect VO2R and HRR methods have a tendency to overestimate and underestimate
the reference values (%VO2Max), respectively. These differences were significant in all the studied
intensities. In this sense, further studies are recommended to adjust the regression curves and the use
of HRR in the prescription of aerobic training intensities in sedentary individuals.
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